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Content  

• Single bunch, no frequency spread 

 

• Coupled bunch contribution   

 

• Why damper is useless for many machines 

 

• Transverse frequency spread: broken Landau damping 

 

• Longitudinal-to-transverse Landau damping 

 

• How to fix Landau damping 

 

• E-cloud remarks. 
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Coupled-Bunch (CB) Wake and Damper  

• Typically,  geometrical and HOM wakes decay fast and so can be 

neglected for CB modes.  

 

• Thus, CB interaction is dominated by resistive wall wake.  

 

• Since the bunch length is normally small compared with the bunch 

separation, CB interaction is predominantly a cross-talk of bunch 

centroids.  

 

• Bunch-by-bunch (BBB) damper blocks bunch centroids; thus, they 

cannot cross-talk.  

 

• Therefore, CB wakes do not matter for sufficiently high damper gain:  
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A. Burov, “Transverse modes for flat inter-bunch wakes”, FERMILAB-PUB-13-009-AD 

http://lss.fnal.gov/archive/2013/pub/fermilab-pub-13-009-ad.pdf
http://lss.fnal.gov/archive/2013/pub/fermilab-pub-13-009-ad.pdf
http://lss.fnal.gov/archive/2013/pub/fermilab-pub-13-009-ad.pdf


Coupled-Bunch Factor for LHC  
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50ns beam 

For high enough gain, there is no SB vs CB difference of the stabilizing octupole 

currents. For the same reason, strong-strong beam-beam effects are suppressed by 

the damper.  

 

At high chromaticity the damper is not so effective (depends on the impedance though). 

Plateau  
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A. Burov, “Nested Head-Tail Vlasov Solver, Phys. Rev. ST Accel. Beams 17, 021007 

(2014)  

http://journals.aps.org/prstab/abstract/10.1103/PhysRevSTAB.17.021007
http://journals.aps.org/prstab/abstract/10.1103/PhysRevSTAB.17.021007
http://journals.aps.org/prstab/abstract/10.1103/PhysRevSTAB.17.021007


One-Sided Tune Shifts and Stability Diagrams  
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L-T Landau Damping: 2nd order chromaticity may help!  
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Space Charge, Impedance and Octupoles  

•  Space charge (SC) moves incoherent tunes down, while its influence 

on the coherent ones is normally smaller.  

 

• Thus, Landau damping is normally suppressed by the SC. 

 

 

 

 

 

 

 

 

 

• Landau octupoles must provide positive tune shifts.   
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Tune shift distribution  

Some LD (metastable) 

No LD 

A. Burov, Head-tail modes for strong space charge, Phys. Rev. ST Accel. Beams 12 (2009) 

http://journals.aps.org/prstab/abstract/10.1103/PhysRevSTAB.12.044202
http://journals.aps.org/prstab/abstract/10.1103/PhysRevSTAB.12.044202
http://journals.aps.org/prstab/abstract/10.1103/PhysRevSTAB.12.044202


Space Charge helps with TMCI  
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K.Y. Ng, A. Burov,  

 

“Stability issues of low-energy 

intense beams” 

 

 AIP Conf. Proc. 496 (1999). 

Wake only SC only 

Wake+SC Wake+1.25*SC 

http://inspirehep.net/record/508683
http://inspirehep.net/record/508683
http://inspirehep.net/record/508683
http://inspirehep.net/record/508683
http://inspirehep.net/record/508683
http://inspirehep.net/record/508683


SC: Intrinsic Landau Damping (LD)  
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Mode k=0 is not L-damped in this way (it is normally stable though due to 

proper sign of the chromaticity). 

 

LD is a steep function of the mode number k.  

 

Moderate SC,                , may help to stabilize the beam, both due to LD and 

extension of the TMCI threshold.  

sc sQ Q



E-Cloud, Space Charge and Octupoles  

•  E-Cloud introduces both a collective response (wake) and nonlinearity 

(Landau Damping), so it may be stable if the latter is stronger than the 

former (proper chromaticity is important).  

 

• If SC tune shift exceeds e-cloud one, the LD is suppressed and e-cloud 

can drive an instability. More e-cloud then stabilizes the beam! 

 

• Positive octupole nonlinearity may be canceled by negative 

nonlinearity of e-cloud, so the SD will be left-sided and modes with 

positive tune shifts become unstable. With little e-cloud beam is stable, 

as well as with big enough.  

• For sufficiently intense e-cloud, beam break-up instability develops 

anyway.  

 

• Damper is not effective, if the  e-phase advance >1.  
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A. Burov, Three-Beam Instability in the LHC, FERMILAB-PUB-13-005-AD , 2013 

http://inspirehep.net/record/1210188
http://inspirehep.net/record/1210188
http://inspirehep.net/record/1210188
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E-cloud and Octupoles (LHC, EoS, 1 beam)  
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Markers – most unstable modes, colors correspond 

FERMILAB-PUB-13-005-AD  
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Instability is driven by e-cloud accumulated in the high-beta area of IR1&5.  

 

It happens due to a right-collapse of the SD + low-frequency e-wake with positive 

coherent tune shifts.  

 

Impedance-related negative tune shifts are helpful! 

Electron wake: 
LO=500A 
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Many thanks! 



Backup slides  
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Transverse-to-Transverse (TT) Stability Diagrams   
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Stability diagram (SD) is defined as a map of real axes        on the complex plane:   

 

 

 

  

 

To be stable, all the coherent tune shifts       have to be below the SD.  
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Since normally              , then                      , so the TT diagrams are very asymmetric.   

 

Matrix        was provided to me by Vadim Sajaev.                                                            
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